Abstract
The renal hemodynamic response to pressor substances in the diseased kidney has been suggested to be different from that in the normal kidney. The aim of this study was to investigate the effects of endothelin and angiotensin II on renal hemodynamics in experimental nephritis induced by the administration of antithymocyte serum in Wistar rats. This model showed me angiolytic le ions in the glomeruli on day 2 and hypercellular lesions on day 8. Prior to the injection of either endothelin or angotensin I I, the glomerular filtration rate and renal plasma flow were significantly lower in model rats on day 2 or day 8 than in the control rats. The basal glomerular filtration rate and renal plasma flow on day 8 were negatively correlated with the mesangium cell number. The injection of endothelin (0.5 ng/kg BW) led to a decrease in both renal plasma flow and glomerular filtration rate in rats on day 8 which wa significantly greater than that in the control rats. Similarly, angiotensin II infusion (0.2 !J.glkg BW) reduced both renal plasma flow and glomerular filtration rate in the rats on day 8 and the reductions were significantly greater than those in the control rats. In conclusion, renal hemodynamics in rats with mesangial proliferation of the kidney were more sensitive to both endothelin and angiotensin I I than those in the normal kidney.
Hypertension frequently coexists with glomerulonephri tis and is one of the factors accelerating renal dysfunction [1] . Systemic hypertension per se seems to have little hemo dynamic effect on the normal kidney in a chronic hyper tensive state, because renal vasculatures autoregulate intra glomerular pressure and flow against the changes of sys temic arterial pressure by regulating arteriolar resistance [2] .
On the other hand, the inability of the renal vasculature in the diseased kidney to autoregulate intraglomerular press ure has been suggested to lead to renal hyperhemodyna mics [3] . Thus, the vascular response to the pressor sub tan ces in the diseased kidneys may be different from that in the normal kidneys. Endothelin (ET), which was recently dis closed, is a prominent and long-acting vasoconstrictor [4] .
In others, angiotensin I I (Ail), which is one of the classical pressor substances, regulates renal circulation while reduc- ing the glomerular ultrafiltration coefficient [5] . Both ET and All induce the contractile response of renal arterioles or mesangial cells [6, 7] . In this report, we have shown the effect of vasoconstrictors such as ET and Ali on renal hemodynamics in the kidney with mesangial proliferation, using a rat model of glomerulonephritis induced by specific immunologic injury to the mesangial cells [8] .
Methods

Induction qf Experimental Glomerulonephritis
Antirat thymocyte serum (ATS) was produced by immunizing New Zealand White rabbits with 1 x 109 Wistar rat thymocytes in complete Freund's adjuvant, followed with I x 107 thymocytes given intravenously 2 and 4 weeks later [9] . Preimmunization serum was collected from the same animal and used in the control experiments as normal rabbit serum. Glomerulonephritis was induced in Wistar rats (150-200 g BW) by the intravenous administration of I ml ATS/100 g BW. The control animals received the same dose of normal rabbit serum instead of ATS. The rats were killed for a histological examin ation of the kidney tissue after the studies of inulin and p-aminohip purate clearances either on day 2 or 8 after ATS administration.
Inulin and p-Aminohippurate Clearances
Thirty-five rats were separated into two groups for the experiments of ET ( = 18) injection and A 11 (n = 17) infusion. Furthermore, rats were divided into three groups, consi ting of the control rats and those examined on day 2 and on day 8 after ATS injection. The rats were The kidneys were fixed in 10% neutral buffered formalin and embedded in paraffin for light-microscopic study. A section (2 11m) was stained with periodic acid-Schiff reagent.To evaluate glomerular cells, a semiquantitative score was used according to the method of Yamamoto et a!. [9] . Thirty glomeruli of a 75-to 100-!lm diameter from each kidney were examined independently, and the nuclei were counted.
Statistical difference was calculated using an analysis of variance among each of the 3 groups and an unpaired test with the Bonferroni method. A correlation of continuous variables was performed by calculating the correlation coefficient (r).
Results
On day 2 after ATS injection, there was a decrease in the glomerular nuclear counts with mesangiolysis ( fig. lb) , compared to the controls ( fig. Ia) . Jn contrast, the glomeruli showed a marked hypercellularity on day 8 ( fig. lc) . Figure 2 shows the number of nuclei per glomerulus in each stage.
The nuclei number on day 2 was significantly lower than that of the controls (p < 0.005), and this number on day 8 was significantly higher than that of the controls and day 2 fig. 3 ).
Blood pressure began to increase shortly after the injec tion ofET and remained high after 10-20 min. The degree of blood pressure increase by ET was about 40-45 mm Hg, which was not significantly different from either that of the control, or of the day 2 or day 8 group after ATS injection.
After the injection of ET, reductions in GFR and RPF with elevated RVR were observed in all 3 groups (table 2) .
The changes of RPF and GFR on day 8 were -33.7 ±6.2 and -30.0 ± 8.1%, and significantly lower than those of the con trol and the day 2 group (p < 0.01 in GFR; p < 0.05 in RPF, fig. 4 ). There was no significant difference in the changes of GFR, RPF and RVR between the control and day 2 group.
However, RVR on day 8 was more greatly changed than that in the control or day 2 group (p < 0.05). The decrease in FF did not correlate with the cell number (not shown).
The infusion of All immediately increased the arterial blood pressure, and its degree of increase was not signifi cantly different among the three 3 groups (table 3) . The changes of GFR, RPF and RVR on day 8 were -25.9 ± 4.4, -36.7 ± 9.4 and 133 ± 38%, respectively, which were signifi cantly greater than those in either the day 2 or the control group (p < 0.05; fig. 4 ). [5] have previously reported that the A I I -mediated fall in GFR is due to a direct action on the glomerulus, probably on the mesangial cells, but not on either afferent or efferent arterioles. In the present study, the increase in the number of glomerular cells may thus be essential for the enhanced contractility of glomerular capillaries in anti-Thy-1 ne phritis. In addition, the increase in RVR after the injection of these substances was also greater in anti-Thy-I nephritis.
This indicates that the afferent arterioles could more greatly respond to ET or All in this type of nephritis than to the control. A variety of vasoactive agents such as ET [18] , platelet-activating factor [19] , renin-like substance [20] and eicosanoids [21] In conclusion, renal hemodynamics in response to the pressor substances were augmented in mesangial prolif erative nephritis. The increased number of mesangial cells may, therefore, contribute to the enhanced contractility of the renal vasculatures in anti-Thy-1 nephritis.
